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Abstract 
Fe3O4/T-ZnOw composites are fabricated by depositing a layer of Fe3O4 film on the surface of tetrapod-shaped ZnO whisker 
(T-ZnOw) by ferrite plating method. The morphology, structure and magnetic properties of the composites are characterized by 
scanning electron microscopy (SEM), X-ray diffractometer (XRD) and vibrating-sample magnetometer (VSM), respectively. The 
effects of temperature and pH value of ferrite plating on the Fe3O4/T-ZnOw composites and the magnetic properties of compos-
ites are studied. It is shown that the chemical environment with pH value at 7.5 is most favorable for the ferrite plating processes 
by analyzing the main peaks intensity of Fe3O4 in the XRD patterns and the average diameters of the Fe3O4 crystalline. The in-
crease of the ferrite plating temperature with pH value around 7.5 benefits the whole encapsulation of T-ZnOw by the Fe3O4 
magnetic films. The composites exhibit ferromagnetic properties and show much lower magnetization intensity than bulk sam-
ples at the same magnetic field intensity. 
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1. Introduction1   
In recent years, microwave absorption materials 
have been attracted enormous attention due to their 
widely application in the military and civil domain, 
such as radar systems, mobile phone and drug deli- 
very[1-5]. Among these materials, there is a key semi-
conductor, tetrapod-shaped ZnO whisker (T-ZnOw) [6]. 
In comparison to traditional absorptive materials, it 
embraces brilliant absorptive features which include 
low density, a wide band gap of 3.37 eV and a large 
exciton binding energy of 0.06 eV [7]. The crucial 
whisker is a kind of dielectric loss material, hardly can 
the property, especially for the lower reflectivity in the 
C-band (4-8 GHz) and S-band (2-4 GHz), meet the 
desire of practical absorption materials [8-9]. 
The modification of T-ZnOw is considered as an ef-
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ficient way to improve the electrical, magnetic proper-
ties of T-ZnOw. Many modifications on T-ZnOw have 
been reported, such as Fe [10], Al [11], etc [12-13]. Ferrite 
plating [14-16] is an efficient method which can plate 
spinel ferrite (Fe, M)3O4 (M=Fe, Co, Ni, Zn) films on 
the surface of different substrates below 100 °C, which 
makes it possible to modify ferrite films on non-heat- 
resistant substrates such as plastics or GaAs integrated 
circuits [17] compared to conventional methods (e.g., 
CVD sputter, etc.) that require substrates to resist high 
temperatures. 
In this paper, Fe3O4/T-ZnOw composites are fabri-
cated by modifying Fe3O4 film on the surface of 
T-ZnOw by a simplified ferrite plating method. The 
effects of temperature and pH value during ferrite 
plating processes on the Fe3O4/T-ZnOw composites 
and the magnetic properties of composites are studied. 
2. Experimental 
T-ZnOw was prepared by using a carbon-reducing 
agent control method, which was reported in Ref. [18]. 
FeCl2 and NaNO2 were of analytical purity. 80 mL 
distilled water was heated to 80 °C under the atmos-Open access under CC BY-NC-ND license.
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phere protection of N2 and stayed for a certain time to 
remove oxygen. ZnOw dispersed in 20 mL distilled 
water was added. Then, FeCl2 (0.2 mol/L, 10 mL) and 
NaNO2 (2 g/L, 40 mL) solutions were added by 1-2 
mL/min and 4-5 mL/min, respectively. The reaction 
continued for 30 min at 80 °C with pH value controlled 
(7.0, 7.5 and 8.0, respectively) by adding NaOH solu-
tion. 
The surface morphology of the prepared composites 
was observed by scanning electron microscope (SEM, 
JAM-5800). Structural characterization was analyzed 
by X-ray diffractometer (XRD, D/max 2200PC) with 
Cu K radiation. A vibrating-sample magnetometer 
(VSM, Lake Shore 7404) was used to investigate the 
magnetic properties of the prepared samples. 
3. Results and Discussion 
Figure 1 shows the XRD patterns of the T-ZnOw 
coated with ferrite at different temperatures with pH 
value at 7.5. The curves exhibit the characteristic peaks 
of Fe3O4 and ZnO (marked in the figure), which indi-
cates that the prepared composites consist of Fe3O4 and 
T-ZnOw. From the increase of intensity of main peaks 
(311) of Fe3O4 with temperature (illustrated in Fig. 1), 
it was found that the higher temperature was, the more 
Fe3O4 was contained in the magnetic composite, which 
matched the conclusion given by Ref. [15]. The aver-
age diameters (shown in Table 1) of the Fe3O4 crystal-
line were calculated by Scherer’s formula [19]. The di-
ameter of the Fe3O4 reached the maximum 32.9 nm, 
when the temperature was 80 °C. It matched the uni-
versal law well, that high temperature benefited the 
growth of Fe3O4 grain. However, the influences 
brought by temperature were sharply abated when the 
temperature was approaching the critical temperature 
of grain growth. 
 
Fig. 1  XRD patterns of T-ZnOw coated with Fe3O4 with 
pH=7.5. 
Figure 2 shows the SEM photographs of the com-
posites prepared at different temperatures with pH 
value at 7.5. Figure 2(a) shows the composites fabri-
cated at 60 °C. Few ferrites were plated on the surface 
of the T-ZnOw, and the same phenomenon appeared 
when temperature was at 70 °C. However, a thin film 
can be clearly found on the surface of T-ZnOw in Fig. 
2(c), in which the samples were prepared at 80 °C. 
Combined with the XRD pattern, it indicates that the 
Fe3O4/T-ZnOw composites were successfully fabri-
cated by plating a layer of Fe3O4 film on the surface of 
T-ZnOw using ferrite plating method. Compared with 
samples prepared at lower temperature, the completely 
encapsulated sample c demonstrated that the tempera-
ture was a critical factor that was not only attributed to 
the growth of Fe3O4 grains
 [15], but benefited the forma-
tion of ferrite film. 
Table 1  Mean diameters of Fe3O4 crystalline fabrica- 
ted at different temperatures 
Temperature /°C Mean diameter/nm 
60 28.7 
70 32.8 
80 32.9 
 
Fig. 2  SEM images of Fe3O4/T-ZnOw composites fabricated 
with pH = 7.5. 
Figure 3 shows the XRD patterns of Fe3O4/T-ZnOw 
composites fabricated at 80 °C with different pH val-
ues. It indicates that pH value around 7.5 benefited the 
formation of Fe3O4 film by analyzing the change of 
intensity of main peaks of Fe3O4 (marked in Fig. 3). 
The average diameters of the Fe3O4 crystalline were 
calculated by Scherer’s formula, which are shown in 
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Table 2. It was found that the influences of pH value 
were minor compared with those of temperature, and 
the mean diameter was minimal when pH value was 
7.5. 
 
Fig. 3  XRD patterns of Fe3O4/T-ZnOw composites fabri-
cated at 80 °C. 
Table 2  Mean diameters of Fe3O4 crystalline fabricated 
at different pH values 
pH value Mean diameter/nm 
7.0 34.1 
7.5 32.8 
8.0 35.5 
 
Figure 4 shows the SEM images of the samples 
plated at 80 °C. Figure 4(a) shows the samples plated 
with pH being 7.0, in which a small amount of 
T-ZnOw is found which may result from the resolution 
of T-ZnOw in low pH environment. Few ferrites were 
plated on the surface of T-ZnOw, when pH value was 
8.0 (as shown in Fig. 4(c)). However, a thin Fe3O4 film 
was clearly found when pH was 7.5 (Fig. 4(b)). The 
above phenomena illustrated that, pH value, besides 
temperature, was also a significant factor that influ-
enced the growth of Fe3O4 grain and the formation of 
complete ferrite film, and the chemical environment 
with pH being 7.5 was most favorable for the ferrite 
plating processes. 
Figure 5 shows magnetization curves of Fe3O4/T- 
ZnOw composites at room temperature. The curves a 
and b are the sample prepared at 70 °C, pH=7.5 and at 
80 °C, pH=8.0, respectively. And curve c is the mag-
netization curve of the sample prepared at 80 °C with 
pH being 7.5. The samples exhibited ferromagnetic 
behavior, which also convinced the formation of fer-
rites. The magnetization curve arises slowly after ap-
plying magnetic field and hardly reaches a saturation, 
which may result from the existence of paramagnetic 
impurity phase. The composites showed lower mag-
netization intensity at the same magnetic field intensity 
than that of bulk samples of Fe3O4. Besides, it is clear 
that the predicted saturation magnetization value (Ms) 
of curve c (7 emu/g) is lower than samples that were 
not well plated (a and b), which may be attributed to  
 
Fig. 4  SEM images of Fe3O4/T-ZnOw composites fabricated at 
80 °C. 
 
Fig. 5  Magnetization curves of the samples prepared at 
different temperatures and pH values. 
the thin ferrite layer which is one of the significant 
merits of simplified ferrite plating [20] and the existence 
of paramagnetic impurity phase in the films [21]. 
4. Conclusions 
The Fe3O4/T-ZnOw composites are successfully fab-
ricated by modifying a layer of Fe3O4 film on the sur-
face of T-ZnOw by using ferrite plating method. The 
temperature as well as pH value is convinced to be 
critical factors which decide the formation of intact 
Fe3O4 film on the surface of T-ZnOw. High tempera-
ture (80 °C) and pH value around 7.5 are beneficial for 
the completed encapsulation of Fe3O4 on T-ZnOw. It 
indicates that the average diameters of the Fe3O4 crys-
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talline increase with the development of temperature.  
The composites exhibit ferromagnetic properties and 
show much lower magnetization intensity than bulk 
samples at the same magnetic field intensity. 
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